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1) Substrate pretreatment 

The substrate is a silicon chip, and it goes through a sequence of three 
fifteen-minute ultrasonic cleanings in acetone, anhydrous ethanol and deionized 
water respectively, and is taken out and dried by way of airing. 

2) . Growth of carbon nano-tube film 
© charging into furnace 

The ready to use silicon chip and phthalocyanine iron are put on a railboat which is 
pushed into a quartz tube; the phthalocyanine iron is placed at least 5cm apart from 
the right opening of the diffusion furnace so as to avoid advance sublimation of the 
reagent during heating. The phthalocyanine iron and silicon chip are placed 4cm apart 
from the reagent. 
® heating 

Argon gas is provided after the quartz tube is positioned, and the quartz tube is then 
start to be heated under argon atmosphere. 
® growth 

When the temperature for growth at the substrate of the carbon nano-tube reaches 
850°C-900°C and the temperature for sublimation of the phthalocyanine iron catalyst 
reaches 540°C-550°C, hydrogen is provided and the quartz tube is moved gradually at 
a speed of 1 cm/30s to the central portion of the diffusion furnace, and the reduction 
growth starts whereupon. After the growth is finished, hydrogen supply is stopped, 
the heating current is cut off and the temperature is reduced under argon atmosphere 
to room temperature; the substrate is taken out, and the villiform, evenly distributed 
black carbon nano-tubes can be observed on the substrate. 

3) Purification of the carbon nano-tube film: 
The purification consists of two steps 

© oxidization 

The grown carbon nano-tube film on silicon-substrate is put into a quartz tube and is 
baked at the temperature of 350°C for two hours, and during this process air flows 
through the quartz tube; the amorphous carbon in the carbon nano-tube film and the 
defective carbon tubes can be removed after such an oxidization process. 
© acid washing 

The oxidized carbon nano-tubes on silicon substrate is washed with ultrasonic wave 
first in 10% diluted hydrochloric acid for 15 minutes then in deionized water for 5 
minutes; then the carbon nano-tubes on silicon-substrate is dried naturally by way of 
airing at the room temperature, the resultant carbon nano-tubes have 20-50 
nanometer diameter and tens of micron long. 

The single temperature zone resistor furnace pyrolysis method provided by the 
present invention for growing and purifying carbon nano-tube films is also applicable 
for growing carbon nano-tube films on different substrates, and it can be used to 
purify the carbon nano-tube films including the substrate concurrently; such 
purification process is applicable for carbon nano-tubes grown within both double 
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temperature zone diffusion furnace and single temperature zone diffusion furnace. 
This method therefore lays a foundation for application of carbon nano-tube films in 
flat panel display and gas sensors. 

IV. Description of Figures 

Fig. 1 is a schematic diagram of the growing process of the carbon nano-tubes on the 
substrate. 

Fig. 2 is an electron microscope analysis photograph of sample carbon nano-tubes, 
wherein Fig. 2(a) is a SEM (Scanning Electron Microscope) analysis photograph, 
Fig. 2(b) is a TEM (Transmission Electron Microscope) analysis photograph, and Fig. 
2(c) is a photograph of the sample after being treated with the two-step purification. 

Fig. 3 is two comparative curves showing respectively the cathode emission 
characteristics of the carbon nano-tubes before and after purification, wherein Fig. 3 
(a) shows separately said characteristics before the purification, Fig. 3 (b) shows 
separately said characteristic after the two-step purification. 

V. Embodiments 

The invention is now described by way of Examples with reference to the Figures. 
According to the technical solution of the present invention, the single temperature 
zone resistor furnace pyrolysis method for growing and purifying carbon nano-tube 
films has the following technical requirements: 

1) The sublimation temperature of the phthalocyanine iron catalyst is 540 °C, the 
temperature for growth of the carbon nano-tubes on substrate is 850 °C. 

2) Reactions are carried out under normal pressure. 

In a specific embodiment of the present invention, carbon nano-tube film for field 
emission flat panel display is grown on silicon chips. 

© pretreatment of the substrate: 

Substrate cleaning: the substrate is a silicon chip, and it is washed with ultrasonic 
wave in acetone, anhydrous ethanol and deionized water for 15 minutes respectively 
one after the other; then dried by way of airing . 

® growth of the carbon nano-tube film 

a) charging into furnace: The ready to use silicon chip and phthalocyanine iron are 

put on a railboat which is pushed into a quartz tube subsequently; the 
phthalocyanine iron is placed at least 5cm apart from the right opening of the 
diffusion furnace so as to avoid advance sublimation of the reagent during 
heating. The phthalocyanine iron and silicon chip are placed 4cm apart from the 
reagent. 

b) Heating: Argon gas is provided after the quartz tube is well positioned, and the 

quartz tube is then heated under argon atmosphere. 

c) Growing: When the temperature meets the requirement, i.e. when the temperature 
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of point A in Fig. 1 reaches 850 °C, and the temperature of point B in Fig. 1 
reaches 540°C, hydrogen is provided and the quartz tube is moved gradually at a 
speed of 1cm/30s to the central portion of the diffusion furnace, and the 
reduction growth starts whereupon. After the growth is finished, hydrogen 
supply is stopped, the heating current is cut off and the temperature is reduced 
under argon atmosphere to room temperature; the substrate is taken out, and 
the villiforrn, evenly distributed black carbon nano-tubes can be observed on the 
substrate. . 

® Purification of the carbon nano-tube film: 

The purification comprises two steps, and such a process is named "a two-step 

purification" 

Step 1: oxidization 

The grown carbon nano-tube film on silicon-substrate is put into a quartz tube and 
baked at the temperature of 350°C for two hours, and during this process air flows 
through the quartz tube; the amorphous carbon in the carbon nano-tube film as well 
as the defective carbon tubes can be removed after such an oxidization process. 
Step 2: acid washing 

The oxidized carbon nano-tubes on silicon substrate is washed with ultrasonic wave 
first in 10% diluted hydrochloric acid for 15 minutes then in deionized water for 5 
minutes; then the carbon nano-tubes on silicon-substrate is dried naturally by way of 
airing at the room temperature; after such an acid washing, the metallic particles 
(catalyst particles) in the carbon nano-tube films are removed. 
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